Abstract Previous studies in children with focal segmental glomerulosclerosis (FSGS) and nephrotic syndrome (NS) in the USA have revealed inter-ethnic differences in their clinical presentation and outcome. However, ethnicity was based on self-identification rather than on molecular genetic data. Here, we show that genetic heterogeneity exists in self-identified Hispanic (Spanish-American) patients with steroid-resistant nephrotic syndrome (SRNS), as patients may be either of Caucasian or Mesoamerican (NativeAmerican) genetic background. Twenty-one self-identified Hispanic patients with SRNS from 18 families were initially evaluated for mutations in the NPHS2 and WT1 genes. All patients resided and were cared for in the USA. We performed a total genome search for linkage in all Hispanic patients using 250K single nucleotide polymorphism microarrays, comparing Caucasian with Mesoamerican allele frequencies to determine regions of homozygosity by descent and to establish the correct allele frequency for each family. We found that only ten families (56%) of the 18 selfidentified Hispanic families are genetically of Mesoamerican descent, whereas the other eight families (44%) are of Caucasian descent. Due to the small number of families examined, we were unable to draw any conclusion on the prevalence of NPHS2 and WT1 in this ethnic group, but the data do suggest that self-identification of ethnicity in Hispanic-American patients is not an adequate basis for genetic studies, as this cohort may represent not only patients of Mesoamerican origin but also patients of Caucasian origin. Thus, one needs to critically review previous studies of FSGS/SRNS patients that involved Hispanic patients as a group. Future larger studies may employ a total genome search for linkage to test self-identified Hispanic ethnicity for true Mesoamerican versus Caucasian ethnicity in order to generate valid genetic data.
Introduction
Inter-ethnic differences in focal segmental glomerulosclerosis (FSGS) and steroid-resistant nephrotic syndrome (SRNS) have been found in pediatric patients in the USA [1] . In one study, African-American (AA) children were shown to suffer from FSGS or SRNS with a higher prevalence and with more severe outcome [resistant to steroid therapy and a more rapid deterioration to chronic kidney disease (CKD) stage 5] than Caucasian children [1] [2] [3] . The ethnicities in these studies were derived by patient self-identification. Another large minority group that has been considered in studies of FSGS and nephrotic syndrome (NS) in the USA is that of patients who self-identified as "Hispanics". The prevalence and severity of FSGS and SRNS in this group of Hispanic children with SRNS/FSGS are not clear. However, an increasing incidence of FSGS in Hispanic children was found in Texas during the period 1990-1998 in comparison to the earlier period of [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] , although Hispanic children with idiopathic NS had the highest incidence of minimal change nephrotic syndrome (MCNS) when compared with African-Americans (AA) or Caucasians [4] .
To date, there have been no studies comparing the clinical course of FSGS or SRNS in a group of only Hispanic children versus patients of other ethnic groups although a number of studies have grouped selfidentified Hispanic patients with AA patients and compared the outcome to that of Caucasian patients [5] [6] [7] . Hispanic and AA children with NS were found to have a higher prevalence of FSGS than Caucasians [5] . Ingulli et al. also detected a more severe course of FSGS in Hispanic and AA children treated in a single U.S. medical center in the state of New York when compared to Caucasians patients [6] . The combined group of Hispanic and AA patients had a higher rate of SRNS and a more rapid deterioration from disease onset towards CKD the stage 5 [6] . A study of The North American Pediatric Renal Transplant Cooperative Study (NAPRTCS), which compared post-transplantation recurrence of FSGS in pediatric patients, found a similar rate of recurrence for Hispanic and Caucasian patients, which was significantly higher than the percentage found for AA patients [7] . In all of these studies, the "Hispanic" ethnicity was defined by self-identification.
Genetic studies conducted among the general population in recent years have clearly revealed that self-identification as "Hispanic" (Spanish-American) may either overestimate or underestimate the true genetic background of an individual [8] [9] [10] . The term "Hispanic" refers then to a nationally and geographically heterogeneous group that was generated by more than 400 years of biological and cultural mixture and which consists of individuals of mostly Caucasian (i.e. Europeans) and Mesoamerican (Native American) as well as West-African origin [8] . These findings in the general Hispanic population can have implications for how ethnicity and disease risk are assessed in a medical setting [8] . However, to the best of our knowledge, this heterogeneity has not yet been evaluated in pediatric patients with FSGS/SRNS.
Here we present a molecular genetic analysis of 18 selfdescribed Hispanic families with SRNS. These families were initially evaluated for mutations of the NPHS2 and WT1 genes. Based on the results, we then subjected the families to a total genome search for linkage using the Affymetrix 250K single nucleotide polymorphism (SNP) microarray (Affymetrix, Santa Clara, CA) to identify whether they truly are of "Native-American Hispanic"-i.e. Mesoamerican-genetic background. We found that 8/18 (44%) of the families were not truly of "Native-American Hispanic" genetic background but of Caucasian background. Thus, future trials in NS patients of Hispanic origin may need to utilize a molecular genetic approach by SNP analysis in order to generate valid data on the genetic origin of the patients.
Methods
Patients and data recruitment A search of a worldwide cohort of 585 families with pediatric SRNS revealed 18 families with 21 nonsyndromic SRNS patients of self-identified Hispanic descent. All patients were treated in U.S. medical centers. DNA samples and clinical data were obtained after the approval of the study was granted by the Institutional Review Board (IRB) of the University of Michigan, Ann Arbor. Patient recruitment following informed consent has been described previously [11] . The diagnosis of SRNS was established by pediatric nephrologists at different pediatric nephrology centers in accordance with published criteria using a standard questionnaire (www.renalgenes. org) [11] . Hispanic ethnicity was defined by the patients and their parents and was reported on the clinical questionnaire. Exclusion criteria were: (1) known secondary cause for NS; (2) age >16 years; (3) presence of extrarenal manifestations. Characteristic features defining the clinical diagnosis were age of disease onset, response to steroid or other immunosuppressive therapy, histological features of kidney biopsy, interval time of progression towards CKD stage 5, and recurrence of disease after kidney transplantation. Standard steroid treatment and responses to steroid therapy were defined according to the Arbeitsgemeinschaft für Pädiatrische Nephrologie guidelines [12] as follows: (1) nephrotic range proteinuria as >40 mg/m 2 /h; (2) standard steroid therapy as 60 mg/m 2 /day prednisone administered orally in three divided doses for 6 weeks, followed by 4 weeks of 40 mg/m 2 /day on alternate days; (3) primary resistance to steroid treatment as the absence of remission to a trace or less of proteinuria on dipstick analysis for 3 consecutive days or <4 mg/m 2 /h within the initial 6 weeks of standard steroid therapy.
Mutation analysis of NPHS2 and WT1 by direct sequencing Genomic DNA was isolated from blood samples using the Puregene DNA purification kit (Gentra, Minneapolis, MN) following the manufacturer's guidelines.
Mutation analysis was performed by exon-flanking PCR with consecutive direct sequencing of all eight exons of NPHS2 and exons 8 and 9 of WT1, as described previously [11, 13] . The WT1 analysis was limited to exons 8 and 9 as mutations of this gene accounting for isolated SRNS have only been reported in these two exons [13] . Exon primer sequences are available from the authors upon request. The software SEQUENCHER (Gene Code Corp, Ann Arbor, MI) was used for sequence analysis. The sequencing of both strands was performed for the detected mutations and other sequence variants. Absence of the novel NPHS2 mutation was demonstrated in 90 healthy individuals by direct sequencing.
Total genome search
We performed a genome-wide scan for linkage in all selfascribed Hispanic patients using the 250K StyI Affymetrix SNP DNA microarray. The results were evaluated using the programs GENEHUNTER and ALLEGRO [14] . We then evaluated the data in a "MAKESCAN" format, which plots regions of homozygosity by descent across the entire genome, using GENEHUNTER NPL and ZLR scores. The parameters were set for a disease allele frequency of 0.001. We compared data based on marker allele frequencies that had been generated by Affymetrix for Caucasian individuals (www.affymetrix.com) to previously published Mesoamerican (i.e of Native-American origin) marker allele frequency [15] . In brief, the Mesoamerican allele frequency data were obtained from a sub-group of individuals from a low nonNative American ancestry of the Maya and Nahua from Mexico. Caucasian and Mesoamerican marker allele frequencies were used under three conditions of minor allele frequencies of >0.2, >0.3 and >0.4 [14, 15] .
Results
A summary of the clinical data of the 21 patients with SRNS and self-described Hispanic descent is given in Table 1 . A renal biopsy was performed in all cases. In the 21 Hispanic children with SRNS, biopsy revealed FSGS in 17 patients (81%). Four patients (19%) had the histological pattern of MCNS (Table 1) .
Mutation analysis of NPHS2 and WT1
We performed mutation analysis of all eight exons of NPHS2 and exons 8 and 9 of WT1 and a total genome search in 21 self-identified Hispanic children from 18 families with SRNS. A summary of the results from the mutation analysis of NPHS2 in the self-identified Hispanic children is given in Table 2 . One patient (A1934) was found to have a novel nonsense homozygous NPHS2 mutation, c.486 C>A; p.Y162X (Table 2) . Another patient (A2200) was found to have a compound heterozygous NPHS2 mutation, c.851C>T; p.A284V with the mutation c.686G>A; p.R229Q (Table 2) .
A summary of the WT1 mutation analysis in 21 Hispanic children is also given in Table 2 . The heterozygous mutation c.1119 C>A; H373Q was detected in one patient (A644).
Total genome search for linkage
In order to define ethnic origin on a molecular genetic basis, we performed a total genome search for linkage in the 21 selfidentified Hispanic individuals of the study cohort. We evaluated total genome haplotype data for regions of homozygosity by descent in the "MAKESCAN" format as done before [14] . In ten families (56%) we found that Mesoamerican allele frequencies more adequately represented the data than Caucasian allele frequencies by reducing inconsistent peaks of homozygosity in the MAKESCAN evaluation (Fig. 1) . In contrast, the data of the remaining eight families (44%) were found to be most adequately represented by Caucasian rather than Mesoamerican allele frequencies. The adequate set of allele frequencies (Mesoamerican vs. Caucasian) for each family is given in Table 2 .
Patient A1934 with the novel homozygous p.Y162X mutation in NPHS2 was found to be most adequately evaluated by Mesoamerican allele frequencies. This MAKESCAN analysis revealed a peak of homozygosity with a ZLR score (>3) on chromosome 1q, in the region where NPHS2 is located (Fig. 1) . The peak represented a 9.6-Mb region of homozygosity. 
Discussion
Here we present a genetic analysis of a cohort of 21 SRNS patients from 18 families. All patients were self-identified as "Hispanics", resided in the USA and manifested the disease in childhood. We initially analyzed these families for mutations in NPHS2 and WT1 and found that mutations in these two genes were responsible for SRNS in three of the 18 families. We then performed a total genome search for linkage using the StyI 250K SNP array in all families of this cohort. Although self-identified "Hispanics" have been considered in clinical studies to be a distinct ethnic group, based on our results this group is genetically heterogeneous: almost half of the patients in our cohort can in fact be considered genetically to be predominantly of Caucasian origin. This result reflects the genetic diversity previously described in the general population from Hispanic origin [8] [9] [10] . Discrepancies between self-identified ethnicity and the actual genetic admixture have been previously reported in the general Hispanic population and also in specific regions in the USA that are highly populated with Hispanic individuals [8] [9] [10] . To the best of our knowledge, this is the first report of such a discrepancy in self-identified Hispanic patients with SRNS.
The rather small number of families that were examined by mutation analysis of NPHS2 and WT1 in our study does not allow us to draw any conclusion on the mutation prevalence of NPHS2 and WT1 in this ethnic group of SRNS patients, as has been done for other ethnic groups in earlier studies [16] . In addition, the small number of patients also excludes us from drawing any conclusion on the prevalence of self-identified Hispanic SRNS patients with Mesoamerican genetic background versus Hispanic SRNS patients with Caucasian genetic background. Nevertheless, this study emphasizes the need for testing for the "true" ethnic genetic background in clinical studies from the USA that involve a group of patients classified as "Hispanics". It also supports our critical view of previous studies that described the prevalence or the clinical outcome of FSGS/SRNS in a group of Hispanic patients from the USA [1, [3] [4] [5] [6] . Any previous conclusion on the prevalence, severity and histology findings in Hispanic children with FSGS or NS should now be re-examined with care. In this context, it has been shown in the general population that Fig. 1 Total genome search for linkage using the 250K Affymetrix SNP DNA microarray presented in MAKESCAN format for patient A1934, who is of Mesoamerican descent and carries a homozygous Y162X mutation in NPHS2. a Calculation using Caucasian allele frequencies, b calculation using Mesoamerican (Native-American) allele frequencies [14, 15] . The X-axis represents genetic distance in centiMorgans, with the corresponding chromosome number written above the panel. Chromosomes are concatenated from p-ter to q-ter from left to right along the X-axis. The Y-axis represents the nonparametric (ZLR) LOD score. The NPHS2 gene is located at the position of the arrow on Chr1q peak of homozygosity, detected using both allele frequencies. Multiple background peaks seen in a were not persistent when calculations were carried out under the three conditions of minor allele frequency (>0.2, >0.3, >0.4). Their absence from b indicates that the adequate allele frequencies for the calculation in this patient is the Mesoamerican and that the patient is predominantly of Mesoamerican descent Hispanics in the West of the USA are-genetically-mostly of Mexican origin and that those in the East of the USA are predominantly of Cuban and Puerto Rican origin [9] . This may have influenced the different histological pattern reported in Hispanic children with NS from the state of Texas [4] in comparison to that reported in NS patients from the state of New York [6] .
A more general aspect of our study is that many conclusions reported to date regarding differences between Hispanics and other ethnic groups in the USA may be invalid. For example, the recent suggestion to consider the Hispanic race in the interpretation of urinary markers in children [17] or the different outcome reported by the ESRD Clinical Performance Measures Project for Hispanic children treated with peritoneal dialysis may be reevaluated following a molecular genetic definition of ethnicity [18] .
Based on the results of this study, it will be important to use total genome haplotype data with adequate allele frequencies [14] in future studies that address clinical differences in cohorts of NS patients that are selfidentified as of "Hispanic" descent, because genetic studies will be only valid if the group studied is not defined by "self-identify" ethnicity alone. Sub-classification according to the correct genetic ethnicity may add considerably to the interpretation of clinical as well as epidemiological results [19] .
